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Objective
A retrospective study of 41 patients with histologically confirmed diagnosis of appendix carcinoid
tumors was undertaken by reviewing the surgical records at Massachusetts General Hospital.

Methods
There were 8 male and 33 female patients (mean age 32 years). Twenty-two patients (54%)
presented with signs and symptoms suggestive of acute appendicitis. In 19 patients (46%) the
lesions were discovered incidentally. The tumors were located in 32 patients at the tip, in 6
patients in the middle third, and in 3 patients at the base of the appendix. The tumor was less
than 1 cm in diameter in 32 patients, between 1 and 2 cm in 7 patients, and was bigger than
2 cm in 2 patients. In 29 patients, the depth of tumor penetration was confined to the submucosa
or to the muscle layers of the appendix, and in 8 patients the serosa was involved. In 4 patients,
evidence of tumor extension into the meso-appendicular fat was present, including one patient
with a tumor bigger than 2 cm and local lymph-node metastases. Forty patients underwent
appendectomy alone. One patient with a tumor size bigger than 2 cm in diameter with positive
lymph nodes in the mesoappendix underwent secondary right hemicolectomy. Complete follow-
up was achieved in 35 patients, and all patients remained free of tumor recurrence.

Conclusions
The authors conclude that appendiceal carcinoids are rare and most often are asymptomatic.
Tumors of less than 1 cm are adequately managed by appendectomy alone. The appropriate
treatment for tumors of 1 to 2 cm continues to be controversial. Right hemicolectomy is
recommended for all tumors larger than 2 cm, whereas preference for an aggressive approach
should be given in young patients.

Carcinoid tumors continue to be of interest despite
their low incidence in clinical practice.35 These neo-
plasms are supposed to be of neuroectodermal origin
and are thus classified as part ofthe other amine precur-
sor uptake and decarboxylation (APUD) neoplasms.4,37
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The term "karzinoid" was first used by Oberndorfer34 in
1907 to described a type of tumor that grew slowly and
appeared to be more benign than adenocarcinomas. The
description of the malignant carcinoid syndrome dates
to Cassidy's report9 in 1934. The endocrine potential of
the carcinoid tumor, and its subsequent relationship
with the varied clinical manifestations, however, was re-
cognized after the discovery of serotonin by Rapport et
al.39 in 1948, and the isolation of serotonin from a carci-
noid tumor by Lembeck'8 in 1953. In 1954, Thorson
and coworkers5" wrote about the endocrine properties
and clinical manifestations ofcarcinoid tumors (cutane-
ous flushing and erythema, bronchospasm, diarrhea,
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right-sided valvular heart disease). The following year,
Page and associates36 demonstrated the presence oflarge
amounts of a serotonin metabolite, 5-hydroxyindolace-
tic acid (5-HIAA), in the urine of patients with malig-
nant carcinoid syndrome. Williams and Sandler" in
1963 classified carcinoids according to their embryologic
site of origin in foregut (respiratory tract, stomach, duo-
denum, biliary system, and pancreas), midgut (small
bowel, appendix, caecum, and proximal colon), and
hindgut (distal colon, and rectum). In the last two de-
cades new information about the origin and ultrastruc-
ture, as well as the content of amines and peptides have
made carcinoid tumors more complex. Most foregut and
hindgut tumors lack serotonin-containing cells, these are
predominantly found in midgut tumors.22

Carcinoids constitute an important group of neo-
plasms demanding careful assessment and discerning
management.22 While carcinoid tumors of the small
bowel are the most common cause ofclinical symptoms,
carcinoid tumors of the appendix are almost always
found incidentally during surgery for appendicitis or
other surgical procedures. Most carcinoids outside the
appendix metastasize with time, and the median survival
time in patients with liver metastases is only 2 to 3
years.25 Appendiceal carcinoid tumors, however, behave
in a benign manner and metastasize in less than 2%. This
occurs predominantly in tumors more than 2 cm in di-
ameter. This study reviewed our own experience with
appendix carcinoid tumors treated at the Massachusetts
General Hospital.

PATIENTS AND METHODS

Data for the present retrospective study was obtained
by reviewing the surgical records at Massachusetts Gen-
eral Hospital, Harvard Medical School, Boston, over the
period January 1969 to June 1990. The study involved
all patients with the histologically confirmed diagnosis of
carcinoid tumor of the appendix. Adenocarcinoid tu-
mors, also called goblet cell carcinoid, mucinous carci-
noid, and crypt cell carcinoma7'54 were strictly excluded.
The records analysis comprised of patient age, symp-

toms, clinical features, tumor location, size, depth of in-
vasion, and metastases, presence ofadditional carcinoids
or neoplasms of other types, and survival. The tumor
size was categorized as < 1 cm, 1 to 2 cm, and > 2 cm.
Measurements were taken after fixation in formalde-
hyde. Goblet cell carcinoid, as well as other adenocarcin-
oid tumors were excluded. Follow-up information was
obtained from subsequent follow-up examinations at
Massachusetts General Hospital, completed when neces-
sary with telephone interviews.

RESULTS

During the 21 '/2-year period, 41 patients with appen-
dix carcinoid were diagnosed histologically. There were
8 male and 33 female patients. The mean age at presenta-
tion was 32 years (range 10-80 yr). The diagnosis of a
carcinoid tumor was not made in any patient before the
operation. No patient demonstrated symptoms attribut-
able to the carcinoid tumor.
Twenty-two patients (54%) presented with signs and

symptoms of an acute abdomen suggestive of acute ap-
pendicitis. Possibly the obstruction of the lumen of the
appendix by the tumor played a role in signs of acute
appendicitis. In 19 patients (46%) the appendiceal le-
sions were discovered incidentally during another surgi-
cal procedure (4 cholecystectomies, 12 hysterectomies
and or salpingo-oophorectomies, one colon resection for
carcinoma, 2 surgical explorations for urinary bladder
carcinoma).
The carcinoid tumors were located in 32 cases at the

tip, in 6 cases in the middle third, and in 3 cases at the
base of the appendix. The tumor was less than 1 cm in
diameter in 32 patients, between 1 and 2 cm in 7 pa-
tients, and was bigger than 2 cm in 2 patients. In 29
patients the depth oftumor penetration was confined to
the submucosa or to the muscle layers of the appendix,
and in 8 patients the serosa was involved. In 4 patients
there was evidence oftumor extension into the meso-ap-
pendicular fat, including one patient who had a tumor
bigger than 2 cm and local lymph-node metastases.
Seven patients had second neoplasms at the time of ap-
pendectomy (colon and gallbladder each one, urinary
bladder 2, uterus 3). No patient had additional carcinoid
tumors.

Forty patients were treated by appendectomy alone.
The histologic examination ofthe removed appendix re-
vealed tumor-free margins in all specimens. One patient
with a tumor size larger than 2 cm in diameter had posi-
tive lymph nodes in the mesoappendix, and underwent
secondary right hemicolectomy. There were no distant
metastases found. The second patient with a lesion larger
than 2 cm underwent no further surgical treatment. The
tumor was localized at the tip with mesoappendix infil-
tration but without local lymph-node metastases. One
operative mortality occurred: an 80-year-old male pa-
tient, after cholecystectomy and incidental appendec-
tomy, died on the sixth postoperative day (acute myocar-
dial infarction with cardiac arrest). In the late postopera-
tive period, an HIV-positive male patient died due to
severe pneumonia 2 months after appendectomy.
The follow-up of one patient has been for such a short

period that his current status can not be assessed. Two
patients have been lost after a partial follow-up of4 and 6
years, and one patient was completely lost to follow-up
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study. Complete follow-up was achieved in 35 patients
for an average length of 9 years (range 1-17 yr). All 35
patients remained free ofrecurrence ofthe appendix car-

cinoid tumor. The patient with right hemicolectomy is
doing well after a follow-up period of 15 years. The sec-

ond patient with a tumor larger than 2 cm in diameter
and simple appendectomy remained free oftumor recur-
rence during a follow-up of 10 years. No patient deaths
were related to the carcinoid tumor. One patient died 2
years after incidental appendectomy due to diffuse dis-
tant metastases of urinary bladder carcinoma.

DISCUSSION
Incidence

Neoplasms of the appendix can be classified into four
main categories: pure carcinoid tumors, adenocarci-
nomas of the colonic type, malignant mucoceles, and
adenocarcinoid tumors. Carcinoids are the most fre-
quently encountered type of appendiceal neoplasms
(50-77%), and the appendix is the most frequent site for
gastrointestinal carcinoid tumors.'4'21'29'35 In large collec-
tive series,'4'32'42 38 to 44% of the primary carcinoid tu-
mors were appendiceal, to 27% were ileal, and 13 to
19% were rectal. The incidence ofappendiceal carcinoid
tumors is approximately 3 to 7 in every 1000 appendec-

2840 Howe53tomies. However, the exact incidence is not
known, and the clinical presentation underestimates the
frequency, as many carcinoids remain asymptomatic.32
Appendiceal carcinoids occur more frequently in
women than in men (2-4:1 ). 1,2,514,27,40,44,49 This is con-

firmed in the present series, and what might be attrib-
uted to the greater likelihood of incidental appendecto-
mies in females who have cholecystectomy and/or pelvic
surgery.21 However, a true preponderance in female pa-
tients is also possible. In a series ofpatients younger than
15 years of age, 14 of 18 appendiceal carcinoid tumors
were found in girls.'6 In a similar study, 14 of23 patients
ranging in age from 6 to 20 years were female patients.29

Diagnosis
Due to the lack of specific symptoms, appendix carci-

noid tumors are diagnosed as an incidental finding in 19
to 71%, and routine laboratory tests seem to be of little
value in early diagnosis. '24,22,35,43,4,49During any ab-
dominal operation, the appendix should be palpated
carefully, and the discovery of a firm, bulbar mass

should arouse suspicion about the presence of a carci-
noid tumor.38 The tumors occur in up to 70% at
the tip of the appendix, and about 70 to 95% are smaller
than 1 cm in diameter without evidence of metas-

2,17,21,24,27,28,38,44
tases.' The incidence oftumor size from

to 2 cm has varied from 4 to 27%,5,24,47 and only a few
appendiceal carcinoids are larger than 2 cm in diame-
ter.21 '2 The most common primary site for tumor-pro-
ducing carcinoid syndrome is the small bowel.26'3'
However, the syndrome is rarely observed in carcinoid
tumors of the appendix. When it manifests, it is almost
always associated with widespread metastases of
tumor, predominantly to the liver or retroperito-
neum. 215',21'26,27'30'33'44'48 Determination of 5-hydroxyin-
dolacetic acid (5-HIAA) in urine is the laboratory diag-
nostic test most commonly used for follow-up in the
later course of the disease, when hepatic metastases are
present.' However, patients may have a widespread dis-
ease without an increase of5-HIAA, especially in foregut
and hindgut tumors.22'32'50

Therapy
The metastatic potential of carcinoid tumors depends

greatly upon the site of origin, its size, and its depth of
penetration.43 Because of this, there remains much con-
troversy as to the extent of surgery needed for a given
tumor.43 Appendiceal carcinoid tumors ofless than 1 cm
in diameter have an excellent prognosis and are ade-
quately treated by appendectomy alone.2'5'28 Carcinoid
tumors of less than 1 cm in diameter in the appendix,
demonstrate a risk of metastatic disease ofalmost 0%, in
contrast to the the small bowel of2% to 18%, and in the
rectum of 0% to 20%. Moertel26 found no recurrences
and no metastases among 108 patients with a tumor size
of less than 1 cm. However, there was a tumor recur-
rence of80% in patients with lesions bigger than 2 cm in
diameter. Svendson and Bulow46 reviewed the Danish
Cancer Registry and found only eight patients with ap-
pendiceal carcinoid tumors ofless than 1 cm in diameter
that involved the mesoappendix. All were treated by ap-
pendectomy alone without recurrence.
Adequate therapy of patients with tumor size from 1

to 2 cm in diameter remains a matter of controversy
since a few case reports have appeared describing re-
gional metastases.5 0""47 However, metastases in appen-
diceal carcinoids from 1 to 2 cm in diameter are ex-
tremely rare. In a review of 46 reported metastasizing
appendiceal carcinoids, Thirlby et al.48 found only five
patients with a primary tumor size from 1 to 2 cm in
diameter who had metastasized to the regional lymph
nodes. Their literature review disclosed no reports oftu-
mor recurrences, distant metastases, or deaths after ap-
pendectomy for carcinoid tumors of less than 2 cm in
diameter. In the long-term experience ofMoertel et al.,28
the authors encountered in 14 patients no tumor recur-
rence during a follow-up period of more than 25 years,
and conclude that appendectomy alone is adequate
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treatment in the absence of grossly recognizable metas-
tases.

In the rare cases oftumors measuring more than 2 cm,
in whom nodal spread was found at the time of first
presentation, aggressive surgery should be considered,
due to the definite risk of metastases.24'28 38 However, the
risk is with 30% to 60% compared with 86% to 95% in
cases of small bowel carcinoid tumors, and 80% to 100%
for carcinoid tumors in the rectum.3'8'0'13'2324273148'52
Almost all appendiceal carcinoid metastases are re-
stricted to regional lymph nodes and are found at the
time of first tumor presentation.2 5'47'48 The two patients
in our series with local metastases, had a primary tumor
size of more than 2 cm in diameter. Right hemicolec-
tomy has also been advocated as justified aggressive sur-
gical approach in patients with appendiceal carcinoids
involving the base of the organ.47 Thompson49 in con-
trast favors partial cecectomy for lesions located at the
base of the appendix to ensure clear margins, and de-
scribes two patients with disease-free postoperative fol-
low-up of 2.4 and 3 years. On the other hand, Bowman
and Ponka describe one patient each in whom the carci-
noid was incompletely excised from the base of the ap-
pendix. Both patients remained disease free at 1738 and
305 years after appendectomy. Patients with no signs of
metastases are probably adequately treated by simple ap-
pendectomy alone. Moertel et al.28 observed only 1 of 12
patients treated in this manner a local tumor recurrence
with resectable nodal metastases 29 years after the pri-
mary operation. The authors conclude that it would be
reasonable to offer right hemicolectomy only to younger
patients.

Moertel et al.28 found no discernible difference be-
tween metastatic and nonmetastatic cases in cellular
morphology or cellular architecture. The site of the tu-
mor would not appear to bear any relationship to the
presence of metastases.2 In patients with vascular inva-
sion or involvement of the mesoappendix, a more radi-
cal approach might be recommended. In the series of
Moertel et al.,28 2 of 7 patients with metastases had inva-
sion of the mesoappendix, whereas only 4 of 39 patients
without metastases had this feature. And vascular inva-
sion was observed again in 2 of 7 patients with metas-
tases, in contrast to 2 of 39 patients without metastases.
Syracuse et al.47 report 2 of 13 patients with tumors 1 to 2
cm in size with extension into the mesoappendix with
nodal metastases. Lymphatic invasion alone confined to
the appendix is seriously questioned as an indication for
extended surgical procedures.38 Use of muscular inva-
sion, mesenteric invasion and periappendiceal lym-
phatic involvement as additional criteria for ileocolec-
tomy could not be supported, however, unless there are
positive lymph nodes. Bowman and Rosenthal' recom-
mend a hemicolectomy if mesoappendicular fat exten-

sion and subserosal lymphatic invasion are present to-
gether. Moertel et al.24 reply that muscular and lym-
phatic invasion was an almost universal finding in their
series.
For pure appendiceal carcinoid tumors, the guidelines

in the authors facilities (Massachusetts General Hospi-
tal, and Emory University Hospital [W. C. W.]) are in
agreement with Moertel et al.28 Simple appendectomy is
performed for tumors less than 2 cm in diameter, ifthere
is no evidence of local metastases. Right hemicolectomy
is recommend in young patients with lesions bigger than
2 cm without lymph node metastases, or in tumors of
less than 2 cm with positive lymph nodes due to a known
risk for long-term metastases in this age group of pa-
tients. However, in older patients due to the fact that the
slow growing nature of the tumor, a more conservative
approach is recommended.

Prognosis
The prognosis in carcinoid of the appendix with rare

exceptions is favorable,28 and within in the midgut group
itself appendiceal carcinoid tumors are reported to have
a better prognosis than those arising in other loca-
tions.'6'25 Lundqvist and Wilander20 in 1987 suggested
that the different histopathogenesis of appendiceal and
small bowel carcinoids might be the reason for. Carci-
noids ofthe appendix mostly develop from the subepithe-
lial-endocrine cells and are immunoreactive for S- 100, a
protein normally present in Schwann cells, indicating
that anatomically they belong rather to the peripheral
nervous system and the ectoderm. This is in contrast to
the small intestinal carcinoids, which are presumed to
arise from intraepithelial endocrine cells and which do
not demonstrate the presence of S- 100. This type ofneu-
roendocrine cells of the digestive mucosa is supposed to
be of endodermal origin, what might somewhat explain
the different malignant behavior ofthese two midgut car-
cinoid tumors.'9 Shaw45 supported this statement in his
study ofanalyzing topographical and age distributions of
neuroendocrine cells in the normal appendix.
The most significant prognostic indicator is the pres-

ence or absence of hepatic metastases at initial opera-
tion. Indeed, appendiceal carcinoids rarely metastasize
to the liver, as was confirmed in the present study. In
contrast, hepatic metastases are recorded in 15 to 22% of
patients with small bowel carcinoid of less than 1 cm,
and in 58 to 80% while the tumor was larger than 1 cm,
almost always metastases occur when the tumor is bigger
than 2 cm.22'27'50 The overall 5-year survival rate for ap-
pendiceal carcinoids, including our series, varies from 90
to 100%.1,6142435,41 For ileal carcinoids, it is 33 to
62%,614 223550,52 and for rectal carcinoids 83 to 89%.1450
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CONCLUSION
We conclude that appendiceal carcinoids are rare and

most often are asymptomatic. The size remains a reliable
guide to the metastastic potential of carcinoid tumors of
the appendix. The diagnosis is excellent, especially if the
primary tumor is less than 1 cm and localized or if sites
of abdominal dissemination are resectable. Appendiceal
carcinoids of less than 1 cm are adequately managed by
appendectomy alone. The appropriate treatment for tu-
mors of 1 to 2 cm continues to be a point ofcontroversy,
however, appendectomy seems to be appropriate treat-
ment. Right hemicolectomy is recommended for all tu-
mors larger than 2 cm, whereas preference for an aggres-
sive approach should be given in young patients. Radical
right hemicolectomy is specially mandatory in patients
with positive lymph nodes, and is favored in cases with
vascular invasion or involvement of the mesoappendix.

This study was limited to pure carcinoid tumors and
the conclusions drawn from the study do not apply to
adenocarcinoid tumors of the appendix.
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